Abstract: It is accepted that fossil fuel is the major source of energy in use today. The technology to use this fuel is well-developed and relatively safe. However, there are two fundamental problems facing the industry that is so dependent on this type of fuel. One, it is a limited resource with only decades of life left. Second is the pollution resulting from its use, primarily the CO 2 greenhouse gas generated, and acid rain from NO x and SO 2 . Until suitable substitutes are found, developed, and implemented, the next best option is to reduce the consumption of the fuel through higher efficiency. Recent research projects with regard to environmental issues send a clear signal to both governments and the energy manufacturing industry that they need to act quickly in order to sustain the environmental conditions. Cogeneration is a technology which can achieve this, but it is important that financial and taxation systems are designed and implemented in a way that recognizes a broader scope for accountability of the needs of industry. Due to increase in the world economy there is a need for further technological progress and environmental legislation. This paper describes a potential fiscal model which could be used to encourage the responsible use of modern clean cogeneration plants to reduce the environmental impact and to allow some political influence over fuel use.
Introduction
Human societies have long had a major impact on their environment, and their tendency to exploit it as if it were an inexhaustible resource has repeatedly led to disaster. In the past, however, pressures on the environment have typically been localized, leading only to local or regional impoverishment. Growth in world population and economy, increased and widespread industrialization, and the development of international trade and society have now occurred on such a scale that severe environmental damage and unsustainable exploitation of the Earth's resources are taking place on a global scale.
Oil and mineral resources are being consumed rapidly by the industrialized countries, irreversibly depleting global reserves to the disadvantage of developing countries and future generations. Moreover, the dumping of waste products into the air, sea, and land has reached a level at which pollution has become a severe problem internationally and globally.
Strategies for Government Action
It is clear that there is considerable scope for achieving reductions in most countries' greenhouse gas emissions from the energy sector, but that these will only be achieved gradually unless there is determined government action. There are debates about whether countries should focus on market mechanisms or regulation to achieve rapid progress. In practice, a combination of both of these seems likely to prove most effective.
It is clear that any system of regulations and taxes to tackle environmental problems is bound to be controversial. Such debates are characteristic of all attempts to tackle environmental problems. Ignorance about our complex environment and the effect of human activities upon it means that we are often unaware of the existence of environmental problems. Even as awareness of the potential risks grows, the scientific evidence for environmental damage may be ambiguous and incomplete.
Once the need for action has been established, the debate focuses on the relative benefits and costs of the various strategies for action. Scientific uncertainties tend to provide plenty of scope for dispute. Although the debate is often conducted in technical terms, it is typically about politics and economic interests and about how the costs and benefits of tackling the problem will be distributed. The outcome of such debates frequently depends more on the lobbying power of interest groups than it does on the scientific merits of the strategies proposed. If the final decision is controversial politicians may be tempted to postpone actions.
All fossil fuels contain a minimum of 75% carbon on a weight basis as the main energy source, with hydrogen as the other significant combustible element; combustion of these elements results in the significant quantities of carbon dioxide and water vapor that occur in the exhaust products ͑Marietta and Wachtler 1995͒. In addition, all combustion processes are liable to produce other gaseous pollutants, dependant on the combustion of the fuel and the type of combustion process.
If coal-fired power stations are the base case against which "cleaner" forms of electricity generation are taken, then savings in emissions can be made. Gas fired combined cycle gas turbine ͑CCGT͒ generation has made significant reductions in emissions into the atmosphere. Gas turbine gas fired cogeneration can achieve even more CO 2 savings than CCGT with about the same NO x and SO x reductions. In considering dual-fuel engine cogeneration schemes and gas engine cogeneration schemes, net reductions in emissions are also achieved and the latest catalytic technology indicates that levels of 1 g / k Wh of CO 2 are now attainable for gas engines ͑Nelson et al. 1996͒. Cogeneration techniques achieve significant reductions in the emissions of CO 2 into the atmosphere by virtue of its efficient use of fuel, achieved by waste heat utilization.
Regulations impose statutory requirements either in terms of limits allowed for emissions from plants and industry or restrictions on the processes and the extent to which they are allowed to be used. The following are four methods that are used to achieve a specific level of pollution control.
Command & Control-Also Termed Limit Setting
This form of emissions legislation puts a specific target level on the quality of air as a standard, devised from issues of public health and welfare. According to Whittington and Wallace ͑1990͒ legislation can include National Ambient Standards; design standards for equipment associated with emissions, e.g., minimum height requirements for power station chimneys, performance standards for the plant ͑essentially connected with plant efficiency, for example the weight of SO 2 per MWh of electricity generated͒ and emission standards themselves. Therefore a specified amount of pollution is permitted up to which point an organization may legally pollute the atmosphere. This approach currently operates within the U.K. with regard to oxides of sulphur and nitrogen.
The US tactics have always been to rely solely on regulatory activity to bring about corporate compliance with environmental standards. The US experience is that in the absence of environmental regulation, no costs tend to be associated with the disposal of wastes to the environment, and companies that incur costs to avoid environmentally unfriendly disposal techniques are at a competitive disadvantage. In these circumstances, little economic incentive exists for efficient resource management. This results in unaccountability for those who extract unsustainable resources and those who do not utilize resources effectively. The outcome is severe economic and social inefficiency and environmental damage that grows as the population and economy grow.
The introduction of regulations in the US established what was to be acceptable environmental performance, and the enforcement became the mechanism for assuring environmentally responsible behavior. An effective, but technically prescriptive legal framework to change polluting behavior with the threat of punishment for offenders was provided. The "command and control" environmental management system in the US brought about huge environmental improvements and improved environmental management, with the US now claiming to be the cleanest in the world for the population it serves.
Emissions Taxation
This method involves using an empirical set of rules to set a limit on the level of emissions, and to enforce a system of penalties if the limit is exceeded. The options open to plants are either to operate irrespectively and incur fines or to implement control equipment at an initial cost that is paid for through the savings of not being monetarily penalized. It is attractive to install the control equipment only to the point where marginal cost equals marginal revenue, after this point it would be more advantageous to pay the fine. Emission taxation as a mechanism for control has grown in popularity and applicability in practice.
Other tax schemes to address the problem of reducing emissions have also been considered. The European Community ͑EC͒ has discussed a hybrid carbon tax/energy tax to begin addressing CO 2 emissions. Fifty percent of the tax would be imposed on energy production ͑including nuclear power͒ except renewable energy sources, and the other half on carbon emissions. Currently only a small number of the EC countries have modified their fiscal energy policy to match the EC's model ͑Grubb et al. 1999͒.
Tradable Permits "Allowances and Credits…
In November 1999, the World Bank launched a prototype carbon fund designed to earn carbon credits under the Clean Development Mechanism ͑CDM͒ of the Kyoto Protocol. In contrast with this initiative, the November Conference of Parties to the United Nations Framework Convention on Climate Change postponed important decisions on emissions trading to the November 2000 meeting.
The initial issue of whether the potential for global climate change poses a threat that justifies prompt action to curtail CO 2 and other so-called greenhouse gases remains actively debatedboth domestically and internationally. Some view the risks as sufficiently grave and urgent to justify immediate action. Others are uncertain of the risks but believe that selected policies to reduce emissions can be justified for other reasons and would provide insurance if the risks were borne out; these other reasons include improved energy efficiency, reduced reliance on imported oil, and increased revenues.
The primary advantage of a credit program over an allowance program is that it does not discriminate against new sources. Allowance programs tend to allocate their allowances based on some historic baseline year. Those sources included in the baseline get their allowances free. Those future sources not included in the baseline have to pay either the older, existing sources to obtain allowances or to buy allowances at auction.
Joint Implementation
Joint Implementation ͑JI͒ is an attempt to expand the availability of cost-effective CO 2 reductions into the international sphere through a variety of different activities. Basically, a developed country ͑where opportunities for reducing emissions are expensive͒ needing CO 2 reductions to meet its obligations under any international treaty could obtain reduction credits by financing emission reductions in another country, usually a developing country ͑where more cost-effective reductions are available͒. As generally conceived, the developed country financing the reductions and the developing country hosting the reduction project would split the achieved reductions between them in some previously agreed-upon manner.
The advantage of JI for developed countries is that it widens the options available to obtain necessary credits under any reduction program. This translates into lower costs to those countries, compared with their own domestic reduction activities. For the developed country, particularly where it does not have the re-sources to control emissions or protect sequestration areas, reductions or protection would occur more quickly than would otherwise be possible.
However, the disadvantages are also significant. A developed country may have to rely on another sovereign government to ensure compliance with part of its international commitment. Governments change, and policies change. If a new government chose to remove or shut down a pollution control device, the developed country might have little recourse but to look for its necessary reduction.
Need for a Fiscal System to Monitor the Efficient Use of Natural Resources
Over the last few years energy manufacturing industries ͑EMI͒ have been criticized with regard to the style of their operation in general and the impact of their operation on the environment in particular. The findings of recent research projects with regard to the environmental issues send a clear signal to the companies and to the government that they need to act quickly in order to sustain the environmental conditions. EMI, which sees itself as an environmentally caring industry, should not think that this is the same perception held by different parties outside industry. Governments, both in developed and in developing countries, have a prime responsibility for setting environmental regulations, which fully reflect the view of the major stakeholders in the EMI. There are many uncertainties about the environmental standards, fiscal and financial regulations, and more important there is a big ambiguity about the accountability of EMI. Previous research shows that improved disclosure regulations are required in order to reduce the uncertainties associated with the reporting of the results of EMI operations ͑see Russell et al. 1998͒.
With regard to reporting the results of EMI operations, and the sensitivity about the related environmental issues, a question arises whether the primary purpose of financial reports is to enable users to assess the performance of management ͑see Grinyer et al. 1994͒ or to enable users to predict future cash flows. Whatever is the answer to this question, there has recently been an ever-increasing number of academics and professionals who argue that concern for the sustainability of the environment should influence the content of published financial statements.
In the writers' view, the lack of regulations, or the weakness of the existing regulations in some countries, creates an opportunity for EMI to produce financial statements which do not incorporate the environmental costs involved with their operations. Thus one can argue this type of financial information is not truly relevant to any decision-making party, or even is misleading for the majority of the users of financial statements.
Governments or other responsible parties can play an essential role in removing this ambiguity from the financial reports provided by EMI. A fiscal system or a set of accounting standards which employs some environmental auditing technique could be a major step to solve this problem.
Recent literature constantly emphasizes the essential need for an appropriate tax model ͑Grubb et al. 1999͒ if countries, worldwide, are concerned about the environmental impact of energy manufacturing industries. In the writers' view an appropriate tax model should be able not only to penalize the misuse of energy resources but also encourage the energy manufacturing industries to make efficient use of these resources through their operations.
From an accounting point of view, one can argue that both legitimacy theory and accountability theory support the design, development, and implication of a taxation model. Moreover, the stakeholder theory emphasizes that companies are not only accountable to their shareholders group. In fact in the writers' view companies, especially with regard to energy manufacturing industries, are accountable to the vast majority of the users of their financial reports, such as government and environmental groups. From an accounting point of view, the writers strongly believe that the total cost of use, and misuse, of these natural resources, should be closely monitored through a fiscal mechanism in order to sustain a rational level of the environmental conditions. The proposed tax model in this paper ͑discussed within the next section͒ by taking into account four main variables ͑cost, efficiency, emissions, and an overall tax factor͒ can be used as a monitoring tool for the efficient use of natural resources by and for energy manufacturing industries.
Although the use of cogeneration is clearly a good approach to reducing the consumption of fossil fuels and the resulting emissions, it is important that any fiscal system is based on the required goals, and independent of the method used to achieve them, to avoid technology overtaking legislation.
Proposed Taxation Model
It is common for governments to impose taxation in a wide variety of forms. Some taxes are very general, for example, a fixed cost on the use of land or a fixed percentage of profit, fuel costs, etc. Other forms of taxation would perhaps be calculated based on some basic factors, these being 1. Fuel costs; 2. The emission and other environmental impacts of the plant; 3. The efficiency of plant use for both electrical and thermal outputs; and 4. An overall tax factor set by the government. Unlike previous tax models, this proposed model uses all four factors.
The first term ͑fuel cost͒, from an accounting point of view, is a feasible cost element which can be traced through financial and accounting information. From an environmental point of view, it reflects the consumption of a limited natural resource which represents the wealth of nations.
The second factor based on plant emissions is relatively constant for a given design. The emission characteristics of the plant could be used to place an additional burden on an older high pollution type of plant to encourage its replacement. Other factors such as noise pollution and the effect on society's enjoyment of the environment can also be considered.
It is the third factor listed here, the plant efficiency, that requires more information about the plant utilization throughout the payback period and the remaining lifetime of the plant. The objective of the efficiency term is to discourage the waste of energy. For example, the waste of heat at a power plant, and the burning of more fuel in a nearby location to generate heat, is bad from an environmental and a national economic point of view. By adjusting the tax burden in this manner it could encourage investment in the wheeling of surplus energy ͑both electricity and heat͒.
The fourth and final factor is set by the government. It is an important point of this proposed model that it is not an additional tax, but a reallocation of the existing level of taxation in the industry in such a manner that reflects the environmental impact of the operation. This requires changes in existing taxation, and is intended to encourage investment in improved technology.
Tax System Evaluation Model
This is a combination of environmental impact factors and an overall government setting. This provides an additional incentive to both efficient and environmentally sound use of the fuel. The weighting factor is computed by
Here F1 represents the efficiency factor mentioned and F2 represents the emissions ͑pollution͒ based factor. The tax value TV is set by government to adjust the overall tax burden to achieve the political objectives.
Efficiency Factor
This factor is a modification of the simple and obvious "1/ efficiency" term. To avoid a divide by zero situation in the event of a plant on no load, and to make a good design of 80% the "tax neutral" case, the following is proposed: F1 = 100% efficiency + 20% = 1 kWe + kWth kW fuel + 0.2
͑2͒
For the case of a plant of 80% efficiency, this results in a factor of 1 ͑100%͒ and for a plant running at no load ͑i.e., a zero efficiency case͒ the factor increases to 5 ͑500%͒. This is designed to penalize the inefficient use of fossil fuels, it makes the use of thermal energy in cogeneration financially attractive even where the market price for this type of energy is low. The behavior of this factor under different conditions of plant load is illustrated in the following figure. Fig. 1 shows the increase in tax from operation at low efficiencies for both thermal and electrical output. Note the curve for 40% thermal load is tax neutral at 40% electrical load, a direct result of the design.
Note also that the equation proposed does not distinguish between electrical and thermal efficiencies, so the same figure applies with kWe and kWth interchanged. For plants with no consumed input as such ͑e.g., solar, wind, etc.͒ the efficiency is defined as 100%.
Emissions Factor
This is a set of penalty factors based on comparing the emissions of the plant against that of a good design. For an arbitrary "optimum plant" this is tax neutral. Although there is an infinite number of functions possible, it is important to chose something simple that can be visualized easily and implemented by standard accounting tools. This will help those who must implement the tax policy and explain it to the power and finance industries. The proposed model is based on a set of piecewise linear functions ͑rather like fuzzy logic͒ that compare the emission factors with reference values based on optimum combustion and good flue gas management ͑e.g., use of scrubbers͒.
Originally the use of simple hard decision ͑1 or 0͒ penalty factors was considered, however, this would give rise to sudden and significant changes in the tax factor at the threshold. This might give rise to disputes when a measured parameter was close to the threshold and the accuracy of the monitoring equipment is questioned.
The penalty factors within the model are interrelated by the chemical process of combustion, for example, changing the fuel/ air ratio in the combustion process will have an impact on several of the emission terms. All of the following thresholds are based on a combination of educated guesses and from a survey of the capability of the best relevant technology.
Carbon Dioxide
For efficient combustion CO 2 should be between 8 and 12%, so this first penalty factor ͑P 1 ͒ is based on piecewise linear function defined by
This is illustrated in the following figure. Fig. 2 demonstrates the penalty factor, clearly operation between 8 and 12% is required for the minimum tax to be applied. Note that plants that have "zero" CO 2 emissions by design ͑or measured less than say the 0.1% threshold proposed here͒ should not be penalized as there is no inefficient burning involved, in these special cases the CO 2 penalty is zero. Carbon Monoxide, Sulphur Dioxide, and Nitrous Oxides These are unwanted but almost inevitable by products of the combustion process. The penalty factors P 2 to P 4 are based on exceeding a threshold of 0.5% as defined by
Here XX represents the emission with XX = CO for P 2 , XX =SO 2 for P 3 , and XX =NO X for P 4 . This function is illustrated in the following figure.
There is no special reason for making the threshold identical for P 2 -P 4 , in this case it just simplifies implementing the model. Depending on political and environmental conditions, there may be a good argument for setting different thresholds. Fig. 3 illustrates that the tax burden will increase for operation above the nominal threshold of 0.5% emissions.
Flue Discharge Temperature
A high flue discharge temperature implies wasted heat and some sort of combustion process ͑which is likely to produce some greenhouse gases͒. The requirement for this term, and the exact parameters, could be very different depending on political motives and an environmental impact assessment.
In the example model the term is computed by
where t = discharge temperature in degrees Celsius. This function has a similar shape to Fig. 3 but with different thresholds.
Dust Discharge
The discharge of particulate matter ͑i.e., dust͒ is unpleasant, it is associated with health problems ͑e.g., lung irritation and cancer͒ and makes buildings and other tourist attractions dirty. Clearly this is an undesirable effect that should be penalized in an environmental tax model. In the proposed model here, this is computed by
where dust= particulate matter concentration in parts per million ͑ppm͒. Other measurements such as mass per unit volume could be adopted, and there could be some adjustment for particle size.
Noise
The level of noise is a very real problem for power plants in built up areas, as well as posing health and safety hazards for those working close to the equipment where permanent hearing damage is possible. To address noise in the tax model, the following is proposed:
Radioactivity
The discharge of radioactive material is very serious due to the long lifetime of the radiation and the potential to cause cancer, birth defects, etc. The problems of disposing of radioactive material have not been properly resolved and the high risk must be included to provide a fair comparison with other generation technologies that have well-known problems and possible solutions. In this model it is proposed to use an arbitrary factor of 3 ͑com-pared to 1 for the carbon fuel problems above͒ and to adjust the penalty relative to the legally permitted quantity of radioactive discharge. This is intended to act as an incentive to good plant operation ͑above the legal requirements͒.
The choice of 80% for the upper limit is intended to make operation well below the legal requirement financially attractive.
Other Factors
Nuisance factors such as aesthetics, smell, vibrations, etc., could be considered by the legislators, however, it may be difficult to measure and to justify if other industries are not subject to the same tax implications. Due to this, there is no factor in the model to account for these possibilities.
Total Emission Penalty
The individual penalty terms are summed to make the total emission penalty value T. Again any function ͑either analytic or based on a look-up table, etc.͒ could be used to convert the penalty terms to a tax value. As before, this should be restricted to some function that is easy to implement and to visualize. The conversion from this total penalty value to the taxation factor F2 could be based on a linear burden given by the following ͑example values͒: 
In this case, there is a 20% increase in the tax burden for every "full penalty point" due to the tests on the plant emissions.
Summary of Proposed Model
Combining all of the function term objectives together, the final model can be summarized by tax payable = ͑fuel cost͒͑emission penalty͒ ͑plant efficiency͒ + 20% ͑government setting͒
͑10͒
Mathematically this is computed from TP = EC · GWh ͩ kWe + kWth kW fuel
Although the mathematical presentation and visualization in this paper uses MathCAD, this is not a common tool for accounting and tax applications. To perform the numerical examples, the same computational methods were implemented and tested in EXCEL spreadsheets.
The advantages of the spreadsheet method are the ease of use, widespread availability of the software and easy editing of the equations. The disadvantages of this include the poor graphing capabilities and the difficulty in spotting errors in formulas and cell references.
Previous Tax Models Approaches
Energy taxation has been in discussion in various forms in the past 20 years. The aims of any energy taxation schemes are to stabilize and reduce CO 2 emission levels, and promote energy efficient systems. Different taxation schemes and models have been introduced, but in the writers' opinion they are not quite effective. The most debatable ones are tax credits and tradable permits. Both these models introduce incentive measures to stimulate the commercialization and sales of innovative energy efficiency technologies. Tax credit incentive measures were enacted during the 1980s in the USA. These measures covered heat recovery equipments, waste heat boilers, energy control systems, economizers, and cogeneration equipments. Despite these efforts in such models, they have little effect on corporate decision making. As these schemes can only be applied to conventional efficiency measures, they have not encouraged technological innovation effectively, and therefore, would not reduce the emission levels.
It is quite known that these measures and incentives could have possible impacts worldwide on consumers, air quality, public health, and the reduction of emissions. But they are still not the ultimate and right approaches. The writers believe that these schemes do not work effectively alone and they need further investigation, improvements, and enforcements. In some countries, environmental tax systems are in the form of a lump sum of money without specified elements, such as: gas, coal, and heavy fuel oil especially if there are no environmental concerns. For instance, in cogeneration processes, the tax is levied on fuel consumed that is considered to have been used for heat production while the amount of fuel considered to have been used for power generation is not taxed.
After careful investigation and analysis regarding previous models and approaches, the writers propose this fiscal model with great incentives to promote the use of energy efficiency products in industrial and commercial premises. This fiscal model promotes and encourages efficient and low pollution power generation and the reduction of emissions. The proposed model also enforces the use of clean fuel and modern technology to promote energy efficiency and to minimize the environmental effects.
Conclusions
It is an accepted and necessary part of life that we need energy, both heat and electricity, for our societies. In the foreseeable future, the use of fossil fuel is the most common and safest option for this. However, it is known that this represents the use of a limited natural resource, and that the ultimate consequences of this could be serious climate change and pollution of air, land, and water. Until suitable and safe renewable replacements for the existing energy sources are developed, the best we can expect is to optimize the consumption of the limited natural resources.
To achieve this goal, it has been proposed that societies are in need of adopting a fiscal system in order to monitor the use and misuse of limited natural resources in terms of quantity, efficiency, and the generation of unwanted by-products.
A suitable fiscal model should be able to take into account the key elements mentioned above in a flexible and transparent way, regardless of the technology used to achieve this. Second, in the writers' view, another important feature of any proposed fiscal model is it should not be simply a tool to penalize, but as a method of encouraging investment in the industry. Finally, it should satisfy the need for a greater accountability of the industry to the society as a whole, and government in particular.
The proposed model in this paper has taken into account the above issues by introducing a formula which incorporates the four main factors of fuel cost, efficiency, pollution, and a general government tax rate. The writers are aware of the general arbitrariness of all taxation approaches, and this model is no exception. However, by taking into account the above factors, we believe this is an improved and fair approach to apportioning tax with regard to environmental issues.
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